Expression of c-jun, mitogen-activated protein kinase phosphatase-1, caspase-3 and glial fibrillary acidic protein following cortical cold injury in rats: relationship to metabolic disturbances and delayed cell death.
The expression of c-jun, mitogen-activated protein kinase phosphatase-1 (mkp-1), caspase-3 and glial fibrillary acidic protein (gfap) was examined at 1, 3 and 7 days after cortical cold injury in rats by in situ hybridisation and immunocytochemistry. Alterations of gene expression were related to metabolic disturbances and delayed cell death, as revealed by cerebral protein synthesis autoradiography, ATP bioluminescence, pH fluorescence and terminal transferase biotinylated dUTP nick end labelling (TUNEL). Protein synthesis autoradiographies depicted sharply demarcated cortex lesions, which were almost congruent with areas exhibiting ATP depletion (lesion volume: 16.9+/-11.8 mm(3) after 7 days). Lesions were surrounded by a region of tissue alkalosis, which was most prominent 1 day after trauma. Delayed cell injury, as revealed by TUNEL, was noticed in a thin rim around the lesion border on day 1 (tissue volume: 1.7+/-0.8 mm(3)) and, to lesser extent, days 3 and 7 post-lesioning. However, only a small percentage of cells in this area were positive for activated caspase-3 protein. TUNEL(+) cells were further seen in the ventrobasal thalamus after 7 days. In the thalamus, the appearance of DNA-fragmented cells was closely accompanied by activated caspase-3 expression. In situ hybridisations revealed that cell injury both in the peri-lesion rim and ventrobasal thalamus was associated with increased c-jun and gfap, but not mkp-1 and caspase-3 mRNA levels. Gene responses were not confined to areas revealing irreversible cell death: mkp-1 mRNA was bilaterally upregulated in the lesion-remote entorhinal cortex, cingulate cortex and reticular thalamus at 7 days after trauma, and caspase-3 mRNA was slightly, but significantly downregulated in the entorhinal cortex after 3 and 7 days. Gfap mRNA was elevated in all regions exhibiting tissue alkalosis. Our data suggest that delayed cell injury after cortex trauma may be apoptotic in the ventrobasal thalamus, but not the peri-lesion rim. The dissociated responses of c-jun, mkp-1 and caspase-3 mRNAs may represent important factors influencing tissue viability.